55 23 555 24 ) RESSEAFFRE Vol. 23, No. 24
2017 £ 12 A Chinese Journal of Experimental Traditional Medical Formulae Dec. ,2017

5T 3 R /R AR R 28 BT H O S IR R Y 25 80 T

Bk, Wk, FE, &8, %
(P REXF RRAFHAER, FRERFAFRELERE, KL 430070)

[(MZE] B 5T 0/ AR IR K38 W b b B S SR W D E 2 E M . 5k A oK
P& b R] M B AT A0 A8 R 43 BT, I LA HPD600 7 K AL AR B Xof 22 5 i 7K B2 9 i A7 40 B9, ik 1 a3 i th /i AR 2, 30%
LW ,50% L, T0% £ 7K WU 58 FT A5 A Ti] 4 43 B L 6F 1o B 1 o ot A Ry AR 5 X 2, SR P A0 o YRR R vk IR B 5 UK 42 )
rhOX T T ) R TR B K A I PR AL 43, JT 45 S HPLC-MS AT 0125 W1 0T 53 43 BT o 85 58« 28 T i /K SR 0 ml v Pk i 43 vh bl LB A
LE YN T8% oAy , B WA AW i 16% oAy . FE MK ERY 4 HPD600 KK ALI AR, 70% £, B 7K ¥ W Pk It I
A2 53 C J& 2 it b 3 240 1 @& BR T ( Candida albicans) 253020 3, AT 1A 60 8 2K T8 16 14 52 0] b AROME R0 07 5 S5 1% 43 A 1
oy C FEWIT BPES BB MZEE RS AR A S0, P20 1, fPrSE 1, LK 3 FhZEuE i A9, L
YA RN FEE A AR K B B8 R A3 B A S 0 A A T B K SR b S R R Y T2 2 A
53, Rt — 20 G A KSR W EL A TR T T 0 AL S P B T AR

(iR 2w OESIRE; MEWEME, Sl /AR A

[FHE4%EE] R931.6;R284.1 [ SCERFRIRAG] A [XEHE] 1005-9903(2017)24-0028-08

[doi] 10.13422/j. cnki. syfjx. 2017240028

[ M4 HARMLE]  hitp://kns. cnki. net/kems/detail/11.3495. R. 20170926. 1131. 066. html

[ MK HARRTE ] 2017-0926 11:31

Effective Constituents from Artemisia selengensis L.eaves Against

Candida albicans by Constituent Knock-out/Knock-in Strategy

PANG Chen, XIAN Huan, LI Hui, PAN Si-yi, XU Xiao-yun "
(Key Laboratory of Environment Correlative Dietology, College of Food Science and Technology,
Huazhong Agricultural University, Wuhan 430070, China)

[ Abstract | Objective: To recognize the main effective antifungal components against Candida albicans in
Artemisia selengensis leaves. Method; The soluble components in water extract of A. selengensis leaves were
preliminarily detected and analyzed, and then separated by HPD600 macroporous resin. Based on the knock-out/
knock-in model, 30% ethanol, 50% ethanol, and 70% ethanol water solution were used to obtain different
components and with their corresponding negative samples as the research object. Then the anti-fungal components
in A. selengensis leaves were recognized by microdilution method, and HPLC-MS was combined for preliminary
components analysis. Result: The contents of sugar, protein and other nutrients in water soluble components from
water extract of A. selengensis accounted for about 78 % , and polyphenols accounted for about 16% . The fraction C
(70% ethanol elution) from A. selengensis leaves via HPD600 macroporous resin purification was the main anti-
fungal component against C. albicans in a dose-effect dependence manner. Mass spectrometry analysis showed that

fraction C was mainly of diterpenoid tanshinones and nalidixic acid compounds, including dehydrogenated
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tanshinone I ,, tanshinone II , and tanshinone [ , as well as 3 kinds of nalidixic acid derivatives. The above
substances were discovered from the A. selengensis for the first time. Conclusion; The main effective anti-fungal
components against C. albicans in A. selengensis leaves were studied by constituents knock-out/knock-in strategy,

providing the theoretical basis for the further study of monomeric compounds with antimicrobial activity from A.

selengensis leaves extract.
[ Key words |

effective contents

R A EE OKE S, RARE RN —
T 22 4 A= BEACAE W), 7 e I 1 O M IXC R ) 2 W R
WAL B A K N TR A, 228 B A Rk
AoESHEA EEaY MY XY Y, DK
PR AL S W) W R A 22 Tl A B P S, ik fif
Wa ] m, ax sl A2, B R BRI DIk, R ROk IR
IT M IS R 2 SR o AR E AT LB X
HA— /5 I (8, & —Fh B RS IT & 815 1)
Em Y ST, 2 BA T IS E N X
L0 T R i T TR (A A T M LR ) K 5
AFREEM AN, CA MBS, 2 S BAH 6
&RTE (Candida albicans) i 1, K 52 ) FIEE 42 )
Y ar il C. albicans B4, XL C. albicans JRY A
—ERBEME . HHATT AR THEN C
albicans 15 VERIBF AL IR T 22 8 2 bk MR Y, P
T P 0 JB 1 A B, B R R A AR

FIAT FE A3 T 25 08 0 B9 0T 58 22 % LR L
T B, A 1k 2 ) O B S B — o3 Y B Al
PEIR T 5 LA Sl 1 52 56 by it 1) 375 P 245 49 1L 4 7 6 5 LA
ARG S g AR Y ) 35 P Dy S 1, Iz 8 B O B Al Ak B
Ao L LA BRI 24 R0 55 B T BioHiE A AT SR PL A 41
FR) I 2015 O 3 LA SR SR DA A LA
FHYE ALY BB TG 1, 2 T 52 4k o 18] B A
HAEM o DAREP B R BR /AR 93 S Oy Al — 2
FHEREN T A R W 40 AR A ) B R
Fr B, B HODAR 0 B R v e, R ORI DA AS ) 56 o
A IR BRSO AR SR TE VR, SR H IR T
WIARF RS B 5 A OB R 0 T B A
H /R 25250 B U AR H R R T rh g2
OB B PER . A BIF 58 L T 0 0wl /R B R
3, g B B B Tl AR 7 AR £ B2, e 7K 4 12
B R S U, W0 A0 I R A K 3R W A
PEL 3 & 2, LLIZ K 3 9 26 HPD600 # K LA il vk
Ji B9 AN TR) 2H 23 VR SR BF S8 X G, LU [R] i Y A RE
4T C. albicans 030 T e B2 (1C,, ) M 3845, HFIR
FE K EEY P PL C. albicans 255040 4y 454

Artemisia selengensis; Candida albicans; antifungal activity; knock-out/knock-in strategy;

HPLC-MS X3 P 41 4 A7 o o3 . B ARl 2y
RO B R WIS A DL R 2 M Bt C. albicans
TIA, DT X 22 58 B2 U5 i A BRI L & 18 R SR 0 TR 7
XL C. albicans JEYLIGTT H A BB KI5

1w

B R 71 A0 s T 4% ) X 4 X R B AR
M, BEER 4 F A AR AR , 28 A rh ARl KA 20 RK
B R RIE RV H R R R
Artemisia selengensis [t b I ¥ 7. H 0 & ¥k #
C. albicans (fit5 ATCC 90028, 4 H & E Fp 1 B AR I
FE L) o

XTRE SR T (#E S 1219061, 4l BE =97 % |, 3
Sigma A A ) s & R L AE AR A2 A 18 B (45 4
Wk 28105, 1519045, 26374, 4 & 43 5l S 99% ,
98.5% ,95% Bl hi Tk A BR A ) 5 A A A (LS
20140919, 534 4, [ 25 5 W Ak 27 il A R A\ ) o
Ry VBRER , BRIRAR , JCOK S B BRER 1, SRR 4R,
Rl RS PR, IR R &N, & S VKO, M AR, &
BRI, — W B0 (DMSO ) |, i ARy il 50, 25 R 3
B (o dral, B2y E M ARARAR) . &
(taikal, 36 [E Fisher 22 w)) , IR (A% 2k, b4
WA ), AR (FE BBLIXHARA A ), RPMI
1640 1% 3% 4 ( 35 [E Hyclone /A H] )

DHG-9123 A 7Y e P TE I T A (LS 22 5 0
AR, BT224S B T4 b K (b 505
ZRH B2 A AR A R A R ), Buchi B B 25 Jig bt 28 &
X (Fi+ Buchi 28] ), LGJ-18S B B 25 ¥& ¥ T 1 AL
(AbE A TR AR MR & A FR N #] ) |, Biospectrometer
RIS HN 6 B 1 (18 E Eppendorf 24 7] ) , 2695 7!
1o SRR €8 35 A (55 [ Waters /2] ), 1100 series %!
e S8R - B 3 BB A (36 [ Agilent A W] ), SW-GJ-
IFD BB E & (H M fb ik & AR A H),
DH3600B 1T 1 £t R 35 732 41 (A KR AL AR R
b T AR ), Mulitskan GO 71 4> I K 1352 B0 A (26
[ Thermo /A #] ) ,B203 #1338 A= 4 i faf 5 ( 3 PR IR
FReep g8 A B /S 7)) |, TSF733002-2018 7 57 58 7%

.29 .



523 &5 24 M
2017 £ 12 A

RESSEAFFRE

Chinese Journal of Experimental Traditional Medical Formulae

Vol.23,No. 24
Dec. ,2017

SRR R A (B R S A R A A o

2 FHik

2.1 ZEE R ERY) S/ m N A5 A )
2.1.1 ZEEmoKEEWeE S ndl & IR e
50 CEIRHL T 5 ¥ 8E , i 60 H i i H 5 Bk B o 22
e R OB L 115 ) 80 C 2R /KiR#E 2 h
Ji 2ok B I IS AR IR, R P LS e B 2 R AR A 5 B s
3 248 V0V Ok T 0 I B0 ] A5 32 5 kK S 5 R B3
E k32 8.00 ¢ & 200 mL &, I ZE WK E
B E AN AT RN R E KR YIRS (WE) |

2.1.2 FEE MK EEYAS R L 4w b R A o A
2043w - FREL HPD600 # K LA g 80. 0 g, Tl 4b FE
Jo MR B A o 2 R O WE 200 mL, D it
2 BV -h ™ i (o AR FHZE AR KL 2 BV -h !
() I T R T AT, 2 W T A 1k 4 i
30% ,50% ,70% Wi W Lh 2.5 BV «h ™" i) i o 3
S0 N L O S e SIS 7 U5 S L QO L I SRR e
330 nmih WO BE T 7 A BRI 58 B, 43 0 A5 F
30% ,50% ,70% £ BEPE WL (VLT 20 5 FR 453 A,
B, C) g A [F) 20 73 19wl 0 R o5 R E R 2H o9 o Ak
SRy B TG A i S K B bR o S AR
N7 e 2H 43 0 B A (RIS K B S H BR R
A AR BORE ) o R A A0 T RO e B 25 A AN R
ORI TR A3 2 & 4o TR FE S R .

PR B i 0 TR NG PR 2 2 TR AR AL 100, 0 mg,
DMSO 0. 50 mL ¥ f# , in 47k 45 2 10 mL, £ 3
0.45 wm i B 5 JF 8 A B A, H & 15 B b | A o
=
2.1.3 KB AS IR 20 53 w0 RE i 1 A
W4 2 K P WO R 4 o3 4% AR SOk 389 BT o L
BB BAERE S (R & A,B,C 414)) hEH L
0S8 /B R - U b N 1 26 0 1 AN = T 2
ARG (0,0.5,1,2,4 £%) Z i K 32 W) B i i 1 40
AT 5 B [R50 B A 40 TR IS PR A A R
2.2 FEEM SR PP 3R M o I
2.2.1 BEESEONE SEEB-SRE, L
2 WA A R N PR B T R ) A A
XF HR i 10. 0 mg, ZE 1R K B M JF € 45 2 100 mL, il 1
0. 10 g« L ™" 25 6F B8 T I o 43 01 SR A 285 o) it
fE W 0,0.10,0.20,0.30,0.40,0.50,0.60,0. 70,
0.10 g- L™" LA K BES AW 0. 10 mL Fik 4% b, FH 2%
K # 2 = 1.00 mL, 53 5 in A 5% 2R B % W
1.00 mL, 88 J5 U3 fin AV B R 5. 00 mL, $% 5] J5 i
# 10 min,30 C 7K ¥ 20 min, B2 B K 200 pl 7F

- 30 -

490 nm Ab i 7 U O BE LA 2B X R S VR VR B R
AR bR, XTI 2 BE SR N AR B, A B o 1T £k, He A U
2 R0 RE i WO BE I E FE G oK S W Y R R
TH

2.2.2 EAFEONE RAYKERET X
25 AR B I D 22 8 oK R Y i A
R IR BCEE G KR 0.50 g FIH AL
HIfpRIc, f A BLRR 5 0. 30 g, B FR#H 3. 00 g AN
Wemii2 10 mL, B0 a2 s g bohn#k 420 CF
A3 b IR A H B SR B EAE R A
BNl E BAL I E .

2.2.3 S EEWE R E R -6 R
WA kLS TR o R RS R
JE T OB 10.0 mg TBEAR h, HEOHERR N A
DMSO 1 mL % fi# J5 7 ¥ % & 100 mL &b, 2518
IKAEFFES], 445 0.10 g« L7172 T % fESH % 0.
SRIHL0. 10 g+ L1 T X B 5 % 0,0. 10,0. 20,
0.30,0.40,0.50,0.60,0.80,1.00 mL L) & ¥ 5 %
W 0.10 mL Fik45 o, 450 A 5% NaNO, 2. 00 mL
B2 G # & 6 min, BN A 10% f BR 5 % W
0.20 mL, B2 5 H S 6 min, T A 4% S84 917 W
1.00 mL, i Z£ 18 K #h )2 & 2.50 mL, I8 5) 5 #h &
15 min, U 3 W 200 L 76 500 nm &b 52 0% 56 1
LT XTIt VS VR BT o e BB O A Al B, R g R O
R AR VERR I N e, DARR 1 2 RURE Wk BE
SRR KSR rh R SRR

2.2.4  BEEEANE  REKE L aED
DI R S o B o o 0 R BT B R X B
10. 0 mg TR, B A DMSO 1 mL ¥ i 5 5%
FE 50 mL &, IR K E B A S 1S
0.20 g-L7" Y % & 7 MR A MR % W 4 9
0.20 g-L ™Ay & F R X IR % ¥k 0,0.05,0. 10,
0.25,0.50,0.75 mL DL S k5L 0. 05 mL Fil &
MmO 20% A8 AR B % W 3. 50 mL, 2 A JE A
10% B BR BV WL 1. 50 mL, fnZ5 Mk #b 2 10 mL, iR
A5 U N 200 wL 7E 760 nm &b s W O FE L
TEE TR 6T Ll 3 L T AR B A R Al A, X N R O
JE R G A bR VR AR i it 2, b s 1 il 4 RRE o O
N 2 K AR ) B S

2.2.5 S EEMNE R ERE-S AR
k" LA SR S F B L v PR R AR R T 1R
fir 10. 0 mg FHEARH, FE A DMSO 1 mL % i J5 5%
FE 100 mL &g b, 2818 K E A5 20, il & 15
0.10 g- L' A 5 W6H HE S W 43 1B 0. 10 g+ L~



523 &5 24 M
2017 4 12 A

PESSBEAFFRE

Chinese Journal of Experimental Traditional Medical Formulae

Vol. 23 ,No. 24
Dec. ,2017

AE SR iR W R 5 % Wk 0.20,0.40,0.80,1.20,1.60,
2.00 mLEA K4 i i W 0. 40 mL, z& T4 ) 5 n A
5% T R -UK BRI 0. 30 mL, IR A1 J5 A i &
PR 1. 00 mL,60 C /K 15 min J5 2 H, HIKZ
b 2 2 10 mL JE 4], B B K 200 wL 7E 544 nm
S0 WG RE , DL RE SRR B e R R SRy A AR A, X
DG R AR B AR A o 1 42, P B o il 2 AR O
JEE 00 7 s K B b Y S S =
2.2.6 B AREZEMWE R Liebermann-
Burchard i f& 3" L DLAZ £ 5 1 ok XF BB R SRR
FE 2 A H BT B A 10,0 mg TR A TG K
W 1 mL ARG ¥R 2 100 mL 2T, 281K E
FARE) A 0,10 g L7 22 ff (5§ B RO U
BRI 20 mL @ 1 2 10 C LT, It AR R
1.00 mL £ 2] J5 & T UK 56 W% A0, #Em A 7K & R
10 mLf8 Liebermann-Burchard & & 5], 43 545 28 W
HLO.10 g« 17" 22 i1 £ B xf MR 5V W 2. 00, 6. 00,
12.00,16.00,20.00,24.00 mL Lk K& £ & 2.00 mL
TR B, e 5 2 e AN 25 1 0 s O BE 2% 9%
AR 5] 10 mL, #5) 5 50 °C /K i #2 B 40 min,
B2 RS B N 200 WL 7E 625 nm A 52
JCRE, DL 2 A 15 I Jo0 VA 32 Ol R AR A, 6 7 IO 5 Ry
N AL AR AEBR E /R 2R, P b v il e R S IO B I A2
B KR T S SR

K B3R 5 2 D 2 K AR ) v B B LR
BNy NN AN e TSN RN i (R IR/ O
FEAR I 2 25 3, 43 003 58 A% o3 e B R U v iy
AR Joit o3 K5 [ AH G o i 03 B0 = (b7 il ot /4R
By ) x100% |
2.3 4 C. albicans 1HPERT I >R FH ok o W 5 7
U A & RE S X C.albicans 1) IC,, B TG Ak 5 1y
C. albicans B L) RPMI 1640 ¥ 3% W e i IF 75 By
GHEE1x10°~5x10° CFU-mL ™" 2 W ; T
96 fLAR 1 ~ 11 ZfL43 I fin A AW 100 wL F1ZE s
7K S P 1 I 24 W (LA JC T 35 35 ML ) 100 L, He
AL S TE R 0 ~6.4 g L7 12 B4l
DL TG TR 4% 3% WA 24 A B ko R, T) B DA I TR 4%
7 YA TR 5 VAN N X iz R R 2 0 s R R A X VL A
PP X5 B 5 R i A S0 52 4% FL7E 600 nm &b WY D'
B, T AR AS [ v B it Kb 3L DR VRO B A PR
PR X RE TR WG W O R A, 9P X B I TR 8 R O
Ay B AR BERE ST C. albicans M 3] %
(RAmH xR =4, - A, )/ (A, = A, )] x
100% ), #| F§ SPSS 16.0 #1431 5 15 i 24 ¥ ¥

J& 1C,, .
2.4 HPLC X 22 oK 4 ¥y Ko /v A 4 53 R
g s Al Agilent TC-Coq (45 4E (4.6 mm x
250 mm,5 pm) , Ji s AH N (A)-0. 5% W 1R K % W
(B)BHEEVEE (0 ~ 10 min,20% ~25% A ;10 ~20 min,
25% ~ 80% A;20 ~ 30 min, 80% A ;30 ~ 40 min,
80% ~20% A) , i 0. 80 mL-min ", #FFEH20 wl,
FEJR 30 °C,PDA A& &% , 45 U % K 330 nm,
2.5 FEMOKEY BRGNS A R
2.4 R 4550 % 2. 1.2 0T 4 09 B A DU
P B 2H 534 i, A R 808 AE 35 - S5 B
% (HPLC-MS) #4715 14 21 43 1 5353 Fr o

3% 5% 1 : Agilent TC-C 8 3% 1 (4.6 mm x
250 mm,5 wm) ;s AH S (A)-0. 5% H R /K 7 W
(B), Bp BEPEME (O ~ 10 min, 30% ~ 50% A;10 ~
25 min,50% A; 25 ~ 30 min, 50% ~ 30% A;30 ~
35 min,30% A), i @ 0.40 mL - min "', 3 £ &
20 pL, ki 30 °C,PDA K il &5 , &9 3 £ 210 nm,
G E 200 ~ 400 nm, 7% 4514 ESL & F U8, T
S0 Lemin ™' B 350 °C 5 WE5HE
PESE 241 kPa, W55 LR 4 000 V& 55 Bl m/z
50 ~1 000, 1E & FA L
2.6 HHEobr A SEEIEE 3K, AR &
N IME b2 (v x5), T ESITH R
SPSS 16. 0 B AF #4753 M o i 1T vh 24 45 0133 AH A
JEPEAN A X5 [R) f A AL 53 B R AT R 2 48 SR
T AR AL BE T
3 ERESW
3.1 FEnl KSRy S T a] i e Ao B 0 I e
28 7 T AR AT A5 22 T K A A SO o AT M
MR (58.19 + 6.50)% , & 5 (20.50 «
5.28) % , o VE T ST L 2SRRS4 ) R
1 (2.70 £ 0.23)% , (5.02 = 0.87)% , (4.90 +
0.38)% M1 (3.29 +0.95)% ., Hrh 8 F & (A Y
S T SR K T A M R o Y T8% /2
L, 2R FREZERNAR, AR 16% 15
3.2 TR R AR O B UK AR W TR 2 A Y
1 o
3.2.1 oK £ YR IRl A A m AR S Y T
C. albicansiH MM E WK 1 o] A, 4 A 19 1C,, 2
FE T EKSEY, W s> A 5 RBOKIEY A LA B A
Pt C. albicans {4, IF 7~ A AEH o 7T g T 7F &
IR LWy s SR W IR Wb R A Rk T8% L, A
g A RERBERY T AR AERKEM TE SR I

- 371 -



523 &5 24 M
2017 £ 12 A

RESSEAFFRE

Chinese Journal of Experimental Traditional Medical Formulae

Vol. 23 ,No. 24
Dec. ,2017

G VEREAR . 2> C 5 8K S YA L 1C, HA )
WERMZ S (P <0.01), 25 & 1F 1 2 2 0 T SOk 3
Yy, i ELECX 7 B A o 24 50, 0 B R A A Y
AR GINE DN A, T S — 2 0 R 5 DR T 1 253K
Wy 5, DAL 43 25580 b v AR A T AR i 4H 43 C
SERCE M KRV BT C. albicans B 3 BIE B o

D

6 - 1)
5 7

'Te 4

20

g 3

=
2,
1- 1
oA 224 7 V7 777) 7D 7,

a b c d e f g

a BKEEPI b R Ase A BIME;d ARG Bie B PIME L FES G
g C Btk ; AT BOKERY BT B35 k22 5 P <0.01

1 ZEEMKRYARER LRI Candida albicans B 5 <3 #
B IC; (x £5,n=3)

Fig. 1 IC,, of WE knocked-out samples on Candida albicans

growth(x £5,n=3)
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Fig. 2 HPLC analysis of WE( ¢) ,knocked-out sample C( a) and its

negative sample(b)
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it a3 DA B At 78 o3 2H R DL R g —E, DA
1M ORUETE B 1 1 BE 7 I R LU RS R ER P . DLIAT 3

L |
82
S3
S4

50

S1 ~S3. THHIAES A,B,C;S4. MKW

B3 FEHARUARASEAKERSRAKRYHIESILEME
=y
Fig. 3  Similarity analysis of different recombinant samples and
total water extract by chromatographic fingerprint evaluation

method
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Fig. 4 HPLC analysis of different samples of WE with different

doses of fraction C knocked-in
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FIH B8, B ARE S X C. albicans 1) 1C., 32 W7 Ui
/NS BIHT C. albicans 3% PR Wi 38 58 o B ml A KR fh A
oy C 5 5 22 K 52 ) 0 & L ik B AR
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[
[¢]
[~N
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a

5 AEFEHLES C BN G Candida albicans T s & < #
B IC, (x £5,n=3)

Fig. 5 1IC,, of samples with different doses of fraction C knocked-

in to Candida albicans inhibition(x +s,n =3)
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®1 AN CHEUSYWH HPLC-MS 58
Table 1 HPLC-MS analysis of compounds in fraction C

A HPLC-MS X 225 K $2 9 5t i 36 14 51 C
PEAT LI o3 A AR IR AR R Y B T LA 6
S B, 0 C Fp A J SR g e AR i T I
ZAEHE 15 ~ 23 min, X 2% 8 1 06 19 1) J5T 25 1) A
it i — 2 45 5 O B — G R S AT
VAR

0 5 10 15 20 25 30
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Be6e EEFEATAS CHEBFR

Fig. 6 Total ion peak diagram of fraction C in positive ion mode

3.4.2  J:T HPLC-MS R T I P4 70 C 454
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. e FEEE L,
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L&Y . o =22 N AR/ PR
/min )E:Q =8 /nm m/z

1 16. 15 292 CoH,40; 1,6, 6-trimethyl-6 , 7-dihydrophenanthro-[ 1, 2-b ] furan- 228.0, 293,275,257 ,247
10,11-dione 290. 8

2 17.28 294 CoH50;4 1,6,6-trimethyl-6,7 ,8,9-tetrahydrophenanthro [ 1,2-6] 271.8 295,277,259 ,249
furan-10,11-dione

3 17.49 276 CigH,04 1,6-dimethylphenanthro-[ 1,2-b]furan-10,11-dione 250.5 277,259,249 ,221,231

4 19. 08 182 CeN,HOS 4-mercapto-3 ,4-dihydropyr-imido[ 4 ,5-c | pyridazin-3-ol 280. 1 183,165

5 19. 56 230 C,,H,(N,0,4 7-methyl-4-oxo-1-vinyl-1, 4-dihydro-1, 8-naphthyri-dine- 219.8, 231,213,203,195,185
3-carboxylic acid 302.7

6 22.47 228 C,4H,,0, 6-methyl-1-ox0-4-vinyl-1 ,4-dihydronaphthalene-2- 210.3, 229,211,201,193,183
carboxylic acid 288. 4
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EE R B . (bEY 2 53CEGE S0, 2
fift 77 A R AE R R B T A A AR R B T
BEAR BT 1 ANE 2 IR AR K, 7P T
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Fig. 7 Main fragmentation pathway of compound 2
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Fig. 8 Mainl fragmentation pathways of compound 3
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